Abstract: This pooled analysis assessed the efficacy and safety of the diclofenac epolamine topical patch 1.3% (DETP) for the treatment of acute mild-to-moderate ankle sprain. Data from 2 randomized, double-blind, placebo-controlled studies enrolling 274 male and female patients aged 18 to 65 years with acute ankle sprain were pooled and evaluated. The primary end point was pain reduction on movement assessed using a 100 mm visual analog scale (VAS). Safety and tolerability were also assessed. Beginning approximately 3 hours after initial treatment, DETP-treated patients experienced statistically significant and sustained lower mean VAS scores in pain intensity on movement (mean ± SD, 54.1 ± 20.0 mm versus 60.3 ± 16.8 mm) compared with placebo-treated patients, representing a 20% versus 13% reduction in VAS pain scores from baseline (P = 0.012). This statistically significant difference in mean VAS score was maintained through day 7 (9.4 ± 14.4 mm versus 18.4 ± 18.2 mm, P , 0.0001). The DETP and placebo patches were well tolerated. These results further confirm the efficacy and safety of DETP for the treatment of acute pain from ankle sprains.
Introduction
Ankle sprains are among the most prevalent injuries in the field of sports medicine. In a recent review by Fong et al, systematic analyses of 227 epidemiological studies from 38 countries showed that ankle sprains were the most common ankle injury in 33 of 43 sports examined. 1 In addition, in a review of a database reporting more than 139 million injuries from 1997 to 2001, 2 it was found that 20% of all sports-related injuries were sprains and strains, accounting for an estimated US$2 billion in treatment and rehabilitation costs in the United States (US) alone. 3 These numbers likely underestimate the prevalence of acute ankle sprains since many individuals do not contact their physicians following this kind of injury. Due to the widespread occurrence and substantial health care costs associated with ankle sprains, clinicians are continuously focusing on more efficient and cost-effective methods for treatment of acute ankle injuries.
Guidelines for treatment of uncomplicated ankle sprains call for the use of rest, ice, compression, and elevation (RICE). 4 Additionally, orally administered non-steroidal anti-inflammatory drugs (NSAIDs) have been demonstrated to be effective for the treatment of pain due to ankle sprains. 5, 6 Unfortunately, the use of NSAIDs is limited submit your manuscript | www.dovepress.com
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Lionberger et al in some patients due to gastrointestinal (GI) toxicity, and cardiovascular adverse events (AEs). 7, 8 NSAIDs carry a risk of serious AEs of the GI tract. 9, 10 In fact, at the time of a review by Wolfe and colleagues in 1999, 10 GI bleeding secondary to NSAID use was the fifteenth leading cause of death in the US. Cardiovascular AEs have also been associated with both short-and long-term use of NSAIDs. 11, 12 Many patients with ankle sprains may also be taking low dose aspirin (LDA) or other antiplatet therapies for cardioprophylaxis, placing them at increased risk for GI events when NSAIDs are used. 13 In addition, some commonly used NSAIDs, such as naproxen and ibuprofen, but not diclofenac, can have pronounced effects on the antiplatelet properties of LDA. [14] [15] [16] [17] [18] Recently released topical NSAID formulations were specifically designed to deliver NSAIDs, in a targeted manner, to the affected location while simultaneously reducing the systemic exposure of the active agent. One such formulation is the diclofenac epolamine topical patch 1.3% (DETP). The DETP is capable of targeted delivery to sites of injury with superior efficacy to NSAID-containing gels and ointments while providing significantly lower systemic exposure to diclofenac than low-dose oral administration. [19] [20] [21] [22] [23] [24] [25] [26] Compared with diclofenac 50 mg oral, which is one-third the daily dose studied in acute ankle injury, the relative systemic bioavailability of diclofenac from the DETP is 0.7% ± 0.4%. 19 In a number of randomized controlled studies, DETP treatment displayed superiority versus placebo in time to pain resolution in patients treated for minor sports injuries. [20] [21] [22] 25 Several clinical studies have also shown DETP to be efficacious in the treatment of pain due to osteoarthritis, 23, 27 and tendonitis. 24, 26 In 2 separate randomized, double-blind, placebo-controlled studies, patients with acute pain due to mild-to-moderate ankle sprain treated with DETP experienced statistically significantly reduced pain on movement compared with placebo patch. 20, 22 Although these studies were conducted independently, there was remarkable similarity in the design and methods of the trials. As a result, we felt that a pooling of the data could allow analysis of treatment effects across a larger, ie, pooled, population of patients and potentially validate the conclusions that each trial determined independently. Further, there are limited data published on the use of DETP and we felt that practitioners in the US might not be familiar with the results of the 2 French studies. Therefore, data from these 2 studies were pooled to explore overall efficacy and safety for the treatment of acute pain due to mild-to-moderate ankle sprain.
Patients and methods
Study design
Two studies of nearly identical design conducted in France from April 1996 to May 1999 by 45 trained investigators under the supervision of a study coordinator were pooled for this analysis. Study 1 refers to the DETP trial by Joussellin 20 and Study 2 refers to the DETP trial by Saillant. 22 Both studies were placebo-controlled, randomized, double-blind, multicenter, parallel group, outpatient studies with the same primary efficacy variable. As such, the data obtained from these studies were ideal for a pooled analysis of efficacy data (in particular, the primary end point). The studies were conducted in conformity with the Declaration of Helsinki and the French Ethical Committee Guidelines for the protection of persons participating in biomedical research. The objective of both studies was to evaluate the efficacy and safety of the DETP compared with placebo in the treatment of mild-tomoderate ankle sprain when the patch was administered once daily for up to 7 days. The primary efficacy variable was pain on movement and was assessed by the patient on a 100 mm visual analog scale (VAS). Secondary efficacy variables included analgesic effects, perimalleolar edema, global efficacy measured by both the patient and the investigator, number of paracetamol (acetaminophen) tablets used as rescue medication, overall tolerability, and reporting of AEs. These variables are discussed in further detail below.
Patients
In total, 274 male and female patients, aged 18 to 65 years, were enrolled in the 2 studies; 134 patients participated in Study 1 and 140 participated in Study 2. The inclusion criteria included: 1) The patient had to have an acute ankle sprain, with the injury dating back less than 48 hours; 2) Evaluation of spontaneous pain on a 100 mm VAS had to be $50 mm; 3) The sprain could not require orthopedic or surgical treatment; 4) The patient could not have received treatment prior to study entry; and 5) The injury had to justify NSAID therapy for up to 7 days. The exclusion criteria included: 1) The patient was pregnant or lactating; 2) The patient had allergies to NSAIDs or aspirin; 3) The patient had open skin lesions at the site of injury; 4) The patient had a history of recurrent sprains; 5) The patient had used any kind of topical products, enzyme therapy by local or oral route, or corticosteroids, or NSAIDs (including aspirin) by oral or parenteral route less than 7 days prior to study entry; 6) The patient had taken any analgesic less than 6 hours prior to inclusion; 7) The patient had used physiotherapy or
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DeTP in the treatment of acute ankle sprain any type of alternate medicine; or 8) The patient needed to be treated with anticoagulants during the study period. All patients were informed of the details of the entire study (for both studies) including: purpose, procedures, data collection methods, test articles, risks, potential AEs, rescue measures, and confidentiality. Patients were only allowed to enter the study after the informed consent had been signed.
Procedures
Patients were recruited according to the inclusion/exclusion criteria listed above and randomized to 1 of 2 treatment groups (DETP or placebo patch). Following randomization, patients underwent a general exam as well as a study-specific examination of the injured joint including swelling, skin condition, functional impairment, pain at rest, pain on passive stretch, pain on pressure, and pain on single foot leaning. The patients were asked to score their pain levels using a VAS (from 0 to 100 mm) before the first patch was applied to the injured ankle. They were then instructed on treatment regimen such that a new patch was applied every 24 hours, as well as on how to perform the daily pain evaluation in their personal diaries. The patients came back to the clinic for a follow-up visit on days 3 and 7; at these visits all primary and secondary efficacy parameters, as well as tolerability and safety assessments, were evaluated in the presence of the primary investigator. The visit on day 7 concluded the patient's participation in the study. Concomitant medications/therapies allowed were ice application and paracetamol use (not within 3 hours of the first application of the product and not to exceed 3 g per day). Use of these supplemental measures was detailed on the case report form for each patient. Additionally, the amount of rescue medication consumed was calculated at the end of the study.
Outcome measures
Outcome measures used included VAS, analgesic efficacy, circumferential swelling, global efficacy, overall tolerability, and AE monitoring.
Pain on movement was the primary efficacy variable and was defined as pain perceived by the patient during normal daily activities. The pain level was self-assessed by each patient on a 100 mm Huskisson VAS where 0 was equivalent to no pain and 100 corresponded to severe pain. Pain assessments were completed in the presence of the investigator at baseline and on days 3 and 7. Self-assessments were completed in a diary format for hours 1 through 6 after the first application of the patch, as well as at 8 pm that evening, and 8 am, 12 pm, and 8 pm on days 1 and 2 after the initial application, and at 8 am on day 3. At the end of the 7-day period, treatment was considered a success only for those patients who registered at least a 30% decrease from baseline in VAS pain.
Statistical analyses
Pooled efficacy analyses were conducted using adjusted baseline values in order to account for any potential impact on the results. The level of significance for all tests was P = 0.05. For the primary efficacy variable, pain on movement, pooled data were analyzed and summarized (mean, median, standard deviation) for all patients included in the 2 trials that underwent at least 1 patch application (274 patients in total). The initial characteristics of the patients at the time of inclusion in the study were compared between treatment groups using an analysis of variance (ANOVA) or the Chi-square test, for quantitative and qualitative variables, respectively.
In order to provide additional clinical relevance, actual scores and percent reduction in post-treatment score from baseline were compared between groups at each time point using the Wilcoxon rank-sum nonparametric test. Missing values for the primary efficacy analysis were substituted using the last observation carried forward technique for all patients who did not complete the evaluation per the original protocol procedures or who interrupted their participation in the study for any reason.
For all secondary efficacy variables, data from both individual studies were collected and analyzed in a comparable manner; these data were not pooled. For categorical assessments, such as those used for analgesic effects, global efficacy, and tolerability, Fisher exact test was used to compare the scores of DETP-treated patients with placebotreated patients. For comparisons to assess swelling in the injured ankle versus the healthy ankle the Mann-Whitney non-parametric test was used, and to determine potential differences in rescue medication consumed, a Student's t-test was employed.
Results
Patient population
A total of 274 male and female patients, aged 18 to 65 years, were enrolled in the 2 studies (134 in Study 1 and 140 in Study 2; Figure 1 ). Of the patients enrolled, a total of 136 were randomized to placebo and 138 were randomized to the DETP group (Figure 1 ). In total, 257 (94%) patients completed the 2 studies. Table 1 displays the mean values for the demographic and baseline injury characteristics of each treatment group. There were no statistically significant differences between treatment groups for any characteristic at baseline (Table 1 ). The majority (n = 203) of patients were experiencing moderate-to-severe functional impairment at baseline. The mean ± standard deviation (range) baseline pain scores were 67.0 ± 10.6 mm (50 mm-92 mm) and 69.3 ± 11.0 mm (50-100 mm) in the DETP and placebo groups, respectively.
Efficacy
The onset time of analgesic relief data from pooled VAS scores between baseline and day 7 of treatment were summarized by time point (Table 2) . At the third hour of treatment, DETP-treated patients showed a significantly reduced mean VAS score compared with placebo (DETP, 54.1 mm; placebo, 60.3 mm; P = 0.008); this significance continued through 7 days post-treatment when the mean VAS score for DETP-treated patients was 9.4 mm compared with 18.4 mm in placebo-treated patients (P , 0.0001). The total reduction in mean VAS score over the course of the study was 58 mm for DETP-treated patients compared with 51 mm for placebo-treated patients. Percent reduction in post-treatment scores from baseline was also calculated for each treatment group to provide additional clinical relevance. Again, by hour 3, patients in the DETP treatment group had achieved a significantly greater percent reduction in VAS score compared with patients in the placebo treatment group (20% and 13% reduction, respectively; P = 0.012; Figure 2) ; this significance in reduction was sustained through the end of the study at day 7 (86% and 73% reduction, respectively; P , 0.0001; Figure 2 ). There were a significantly higher number of successes in the DETP treatment group (91%) compared with the placebo group (71%; P , 0.0001) at day 7.
Pain at rest, pain on passive stretch, and pain on palpation were significantly improved at day 3 and day 7 for DETP-treated compared with placebo-treated patients (Table 3) . By day 7, possibility of single foot leaning also 
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DeTP in the treatment of acute ankle sprain was significantly improved for the DETP treatment group compared with placebo for Study 1 and Study 2 (P = 0.001 and P = 0.0003, respectively; Table 3 ).
Other secondary efficacy variables included global judgment of efficacy, swelling, and paracetamol consumption. Global efficacy assessments as judged by both the patients and the investigators revealed that the DETP treatment group was superior to the placebo treatment group at day 3 (P # 0.03 for all comparisons) and day 7 (P # 0.001 for all comparisons; Figure 3 ). There was no significant difference in swelling between treatment groups for either time point for Study 1, while Study 2 revealed a significant reduction in swelling for the DETP treatment group compared with placebo at both day 3 and day 7 (P = 0.003 and P = 0.02, respectively). At day 7, paracetamol consumption did not differ significantly between treatment groups for either study (Study 1, P = 0.5; Study 2, P = 0.1).
Safety
Overall tolerability was judged at day 3 and day 7 by both the patients and the investigators. For both studies the majority of patients and investigators judged tolerability as excellent on a 4-point scale. There was no significant difference between DETP-or placebo-treated patients for either study at day 3 or day 7 in tolerability ( Figure 4 ). In addition, investigators Table 2 Pooled scores by treatment group for pain on movement: self-assessed by patients on 100 mm VAS (0 = no pain to 100 = severe pain) from the first day of treatment (day 0) through day 7 of the study (day 7) recorded any AEs that occurred during the study. In total, 5 patients (2 receiving DETP, 3 receiving placebo) reported AEs in Study 1 (Table 4) . These events were primarily application-site reactions and were of mild to moderate severity (Table 4) . Only 1 AE (pruritus of mild severity) led to the patient withdrawing from the study. No AEs were reported during Study 2.
Discussion
This pooled post hoc analysis further demonstrated the efficacy of DETP compared with placebo for controlling pain associated with acute mild-to-moderate ankle sprain in patients for whom NSAID therapy was indicated. DETP produced a statistically significant reduction of pain on movement versus placebo patch by as early as 3 hours following the first patch application. Furthermore, statistically significant pain relief was maintained in the DETP treatment group throughout the 7-day study duration. Secondary analgesic efficacy measures also favored DETP over placebo patch at most time points. These included pain at rest, pain on passive stretch, pain on palpation, and Global efficacy assessments for each treatment group judged by both patients and investigators at day 7 for Study 1 A) and Study 2 B). This assessment revealed that, for both studies, the diclofenac epolamine topical patch (DETP) treatment was superior to placebo treatment at day 7; day 3 analyses demonstrated comparable results (not shown).
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Lionberger et al possibility of single foot leaning. Importantly, a statistically significant benefit was attained between treatment groups for single foot leaning at day 3 in Study 1 and day 7 in both studies. Furthermore, global efficacy assessments completed by the patients and the investigators, as well as treatment success levels determined at the end of the study, favored the DETP.
The results for DETP efficacy compare favorably to other topical NSAID trials. Combined analysis of 37 placebo controlled acute pain trials for topical NSAIDs (other than diclofenac) showed efficacy for placebo of 39% compared with 71% for patients receiving active treatment. 28 Despite this relatively high placebo effect, the active topical treatments were nevertheless considered to be significantly more effective than placebo in the treatment of acute pain.
Clearly, NSAIDs are an effective remedy for acute pain. However, they carry significant risk of potential side effects associated with their use, especially in patients already at elevated risk for GI or cardiovascular events due to pre-existing conditions. Our pooled study population was Overall tolerability of diclofenac epolamine topical patch (DETP) or placebo for each treatment group, assessed by patients and investigators at day 7 for Study 1 A) and Study 2 B). The majority of patients in both treatment groups judged the patch tolerability as excellent. No significant differences were found between DETP-and placebo-treated patients at day 7; results from day 3 tolerability assessments were comparable (not shown).
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DeTP in the treatment of acute ankle sprain limited in number and diversity of baseline risk factors. These limitations preclude any reliable estimate of GI or cardiovascular risk from DETP based on these results across the general population. A total of 5 AEs in the 274 patients enrolled were reported; all AEs were related to application-site reactions or allergic reactions, and 3 of these events were reported in placebo treated patients. No reported AEs were related to the GI system. The incidence of AEs reported in this combined analysis is far below that reported in studies of oral NSAIDs, including oral diclofenac. In one 14-day study of 60 patients with acute shoulder pain receiving 75 mg oral diclofenac twice daily, 23 patients experienced AEs, 16 of which were GI related. 29 This is consistent with results from a long-term study evaluating AEs in more than 2000 patients with rheumatoid arthritis receiving 75 mg oral diclofenac twice a day for up to 33 months. In this study, 6.9% of patients receiving diclofenac discontinued due to GI AEs within the first 12 months of the study.
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Conclusion
This pooled analysis of 2 independently conducted studies validated their conclusions that, for patients with mildto-moderate ankle sprain requiring adjunctive NSAID therapy, treatment with DETP for 7 days provides significantly effective and durable relief of acute pain within 3 hours of the first patch application. The DETP was also generally well tolerated. As a topical therapy, DETP can provide a safe and effective treatment alternative, which might provide less systemic exposure to NSAIDs than oral medications.
We acknowledge that there are certain limitations and shortfalls associated with this pooled data set. A metaanalysis usually requires many trials, in part to allow for the multiplicity of effects due to variations in methods, materials, sites, and measured outcomes; each and all of which may confound the determination of drug effect. Our approach was to combine data from 2 very similar studies to determine if the independently obtained conclusions held across the expanded population. While our analysis is retrospective in scope, the studies reviewed represent prospective level-one evidence, which self adjudicates by the strict adherence to identical enrollment and end point determinations. Where variance occurred in efficacy metrics, validated statistical comparisons minimize these differences, while the high number of subjects (N = 274) minimizes oversights in type I or II errors. ® , Inc which was acquired by Pfizer Inc in March 2011) and Guiliana Villa (IBSA) for critical review of the manuscript. We also acknowledge the writing and editorial assistance provided by MMS Holdings Inc (Canton, MI, USA) and Quintiles Medical Communications (Parsippany, NJ, USA). Funding was provided by King Pharmaceuticals ® , Inc (which was acquired by Pfizer Inc in March 2011), for assistance with the preparation of this manuscript.
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